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Unser besonderer Dank gilt den Autorinnen und Autoren für die verfassten und
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Irene Gianordoli, Hanna Grossauer, Martin Scheuch

“What goes in must come out” – learning about
human digestion with inquiry learning, disgust
and students’ conceptions
Zusammenfassung
Individuelles Wissen aus persönlichen Erfahrungen bildet die Basis für das Verständnis der
menschlichen Verdauung. Forschungen zeigen eine Vielzahl von Schülervorstellungen, etwa
wie sich Kinder den Weg der Nahrung durch den Körper vorstellen. Diese Vorstellungen
stimmen oft nicht mit wissenschaftlichen Fakten überein. Um Lernschwierigkeiten zu vermeiden, müssen vorhandene Vorstellungen im Unterricht thematisiert werden. Ziel dieser
Studie ist es, bestehende Vorstellungen zur Verdauung von 12 bis 15-jährigen SchülerInnen
aufzuzeigen. Daten von 49 SchülerInnen wurden durch qualitative Methoden erhoben. Im
Zuge von Forschendem Lernen fertigten Schülerinnen und Schüler Zeichnungen zu ihren
Vorstellungen der menschlichen Verdauung an, Experimente wurden durchgeführt und
Ernährungstagebücher ausgefüllt. Die Ergebnisse zeigen, dass Schülerinnen und Schüler sich
nach Interventionen des Forschenden Lernens verbesserten, obwohl die Thematik durchaus Ablehnung in Form von Ekel auslöst. Die Rolle des Ekels wird in Bezug auf das Lernen
diskutiert.
Schlagworte: Schüler- und Schülerinnenvorstellungen, menschliche Verdauung, Forschendes Lernen, Lernfortschritt, Ekel

Abstract
Childrens’ experience combined with their imagination constitute their understanding on
the human digestive system. Existing research on these students’ conceptions show a variety of concepts on how food passes through our body. These ideas are often inconsistent
with scientific facts yet are very persistent as they provide simple explanations to a complex
topic. To avoid difficulties in learning and misconceptions in education it is important to
include students’ ideas into the educational activities. The aim of this study is to point out
existing concepts of digestion of students aged from 12 to 15 years. Data of 49 students were
obtained through qualitative methods. In the teaching sequence inquiry learning activities in
groups were used, students made drawings, performed experiments and completed dietary
diaries. The results show that the students have improved after the inquiry learning sequence,
although the topic caused rejection in the form of disgust. The role of disgust is discussed
for the learning progress.
Keywords: students’ conceptions, human digestion, inquiry learning, learning progress,
disgust
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1. Introduction
1.1 Students’ conceptions, educational reconstruction and inquiry learning
As a teacher, the recognition and inclusion of students’ prior knowledge and everyday concepts are essential in order to be able to help them learning science. These
“students’ conceptions” cannot be replaced by scientifically correct ideas but must
be explicitly addressed and integrated during the learning progress as a basis for
further understanding (Kattmann, 2015, p. 9ff). The model of “educational reconstruction” enables considering students’ conceptions in relation to scientific ideas
and it offers a theoretical framework for planning, implementing and evaluating
teaching and learning (Kattmann et al., 1997).
The studying technique of “inquiry learning” actively involves students during
the learning process by integrating observations, experiments and learning in a
group, which also includes group discussions. The teacher discards the role of
simply transmitting knowledge but supports the students during the process and
provides structural aids if necessary (Gatt & Scheersoi, 2014). The emotional and
social experiences are of particular importance in inquiry learning. The beginning
of the process should ideally be characterized by curiosity and interest, followed
by ups and downs during the process and an increase of knowledge or problem
solution at the end (Huber, 2009).

1.2 Disgust as an influencing factor for learning
During biology lessons, dealing with the human body and natural processes, the
topic of disgust might arise. Disgust is a strong defence reaction of the human perceptual system, closely related to different senses (sight, taste, smell, sense of touch,
sense of temperature) and culturally different expressed (Dräger & Vogt, 2007).
Disgust often arises as a food related emotion, representing a defence reaction of
the human body to avoid oral incorporation of certain offensive and contaminating
substances. As humans tend to create clear-cut classifications of the objects in their
world, anomaly can also trigger disgust as it represents disorder. Viscous substances
for example are neither liquid nor solid; faeces and other bodily excretions seem
anomalous, whether or not they are part of oneself. Faeces is said to be the primary
disgust substance, eliciting the strongest response of disgust, although not present
at birth but developing during childhood through education and culture (Rozin &
Fallon, 1987).
Exaggerated and unjustified disgust can inhibit human development and can
have a strong effect on teaching and on the learning process (Gropengiesser & Gropengiesser, 1985). However, it is possible to reduce or even dismantle the emotion
of disgust by designing the lesson methodically appropriate, by providing confidence, encouraging interest (Dräger & Vogt, 2007) and by giving the students the
opportunity to decide for themselves the level of interaction with objects of dislike
(Gebhard, 2001).
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1.3 Human digestion – an overview
The path that the ingested food goes through our body until excretion is very long and
numerous organs are involved in this process. Digestion is a mechanical and enzymatic-chemical degradation process (Spektrum Akademischer Verlag, 2018; BLE, 2017).
The organs involved in the digestion and their simplified tasks can be found in Table 1.
It is striking that figures showing the human digestion regularly do not present the liver
and the bladder, although possessing an important role in human digestion.
Organ / section

Task

mouth

• crushes and liquefies food

oesophagus

• transports food to the stomach

stomach

• shreds, stores and releases chyme in portions
• initiates protein digestion
• kills bacteria

pancreas

• neutralizes acidic chyme from the stomach
• produces enzymes for carbohydrate, protein and fat digestion

liver

• produces bile for digestion

gall bladder

• stores bile produced by the liver
• food fats are emulsified and made ready for transport

small intestine

• mixes and transports food and produces enzymes for protein and carbohydrate digestion
• absorbs nutrients
• recovers water from digestive juices

large intestine

• mixes chyme
• recovers water
• breaks down food residues caused by bacteria

anus

• excretes faeces

bladder

• collects and empties urine

Table 1: Overview: organs or sections of the body involved in human digestion and their tasks

1.4 Implementation of the topic of human digestion in biology lessons
The curriculum of 5th grade in Austria establishes to receive an “overview of the
structure and function of the human body, especially the organ systems” (BMBWF,
2018, p. 3). In the 8th grade, the topic “construction and function of the human
body, especially organ systems” is taken up again in the curriculum and should be
expanded and completed (BMBWF, 2018, p. 4).

1.5. Students’ conceptions on the topic of human digestion
A number of studies have been conducted, which present different concepts of
how children aged 4 to 12 years imagine the path of ingested food through their
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bodies. Recently a study at tertiary education completes the picture (Mattos Feijó
et al., 2020).
A longitudinal study with children aged 4 to 10 years shows that for the younger
children the food gets inside the body and remains there, which the authors describe
with the term “body as a container” (“container scheme”). Drawings made by the
children show no anatomical structures of the digestive system and human excretions are not associated with food intake (Teixeira, 2000).
This concept can also be seen in another students’ conception, in which the food
reaches the stomach through the oesophagus, but which ends and has no connection to the anus (Cuthberg, 2000). Children in the age of 4 to 6 years, however, show
the idea that all food is excreted unchanged after ingestion (“transmission scheme”).
Accordingly, food is not regarded as a carrier of nutrients (Contento, 1981; Teixeira, 2000). The oldest surveyed group of children (10 years) thought that a part
of the food consumed (usable) remains in the body, while another part (useless) is
excreted (“distribution scheme”) (Teixeira, 2000).
The conception of “free-floating organs” makes it clear that children are often not
aware of the relationships between different organs or organ systems. The majority
of children between 8 and 9 years do not connect organs in their drawings, and the
majority of children between 7 and 11 years draw relatively small, unconnected and
“free-floating organs” as well (Cuthberg, 2000).
Another idea is the separate intake and excretion of solid and liquid food in two
different tubes (“two channels”) (Mjenr & Desco, 2002). Even in tertiary education
students still hold everyday conceptions (Mattos Feijó et al., 2020) and therefore it
can be stated, that science learning is an ever-ongoing process.

1.6. Research questions
Based on the already existing data on students’ conceptions on the topic of human
digestion, the following research questions (RQ) were selected for the present work.
RQ 1: Which students’ conceptions do 12 to 15 years old students have about the
digestive process in the human body?
RQ 2: How do students’ conceptions about the digestive system change after the
course of inquiry learning?
RQ 3: Do the topics on human digestion trigger disgust in the children? How
does this affect the learning process?

2. Teaching Sequence and Research Methods
2.1 Data collection
The survey was carried out in two classes (6th and 8th grade) of a lower secondary
school in Vienna. The age of the students was between 12 and 15 years. Data were
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collected during two school lessons (50 minutes each) per class in June 2019, with
one week between the two units from 49 students (6th grade, n = 25; 8th grade,
n = 24).
The following experiments and the food diary were subjected to a pre-test to
ensure that they were carried out without any difficulty.
At the beginning of the first sequence, students were asked to draw their ideas
about the digestive process into a silhouette of a human body – from food intake to
excretion. Drawings are a suitable method to get an insight into students’ conceptions (Hammann & Asshoff, 2017; Mattos Feijó et al., 2020). Moreover, the drawings
should be labelled by the students. Afterwards the students received a dietary diary
to complete at home during the week between the two lessons. Students should
observe their own nutrition and digestion, which should ideally lead to a recognition of the connection between both.
An intermediate analysis was carried out between the two teaching units in order
to analyse the first drawings and to select and adapt the experiments for the second
teaching unit based on these first results.
In the second unit small groups of students built a gastrointestinal model (Leitzgen & Grotrian, 2014; Mattos Feijo et al. 2020), which shows the course of food
ingested through the stomach and intestine until excretion (Figure 1). Aim of this
guided inquiry activity was to enable an experience of the big processes of the digestion in subsequent steps (see table 2). During the modelling activity students filled
out a protocol. In the sense of inquiry learning, each small group was supported by
the biology teacher and us during the process with structural aids, when necessary
(Gatt & Scheersoi, 2014). As an aid, the students got a picture of the process to help
them carry out the model.
Steps Organ & structure and processes

Respective modelling activity

1

Mouth & saliva: crushing and
liquifying

Students should chew a piece of white bread. The aim is
to show that digestion already begins in the mouth, as
the piece of bread is on the one hand changed mechanically by chewing with the teeth and on the other hand
by enzymes in the saliva (the piece of white bread tastes
sweet after long chewing).

2

Stomach: temporary storage of
food; Muscle movements mix the
chyme and transport it into the
intestines

The shredded food (e.g. oatmeal, cereals, carrots, corn) is
collected in a plastic bag (= stomach) and orange juice
(= stomach acid) is added. Finally, all ingredients are
mixed and kneaded well. This represents the function of
the stomach muscles.

3

Intestine: Mixing and transportation of food; Recovery of water

The mass is tipped into a stocking (= intestine) and the
liquid is kneaded out. To avoid soiling the classroom, the
task is done over a large tray.

4

Anus: Excretion of faeces

Finally, the end of the stocking (= sphincter) is opened
and the stocking contents (= faeces) are emptied onto a
tray.

Table 2: Modelling activity and the respective structures and processes of the digestion
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Figure 1: Impressions from students completing the gastrointestinal model (own photos)

Immediately after building, the model there was a debriefing of the activity with
the whole class: what were the strengths and weaknesses of the model? Is there a
difference to digestion in our body? Are organs missing? Students should link what
they have just experienced in the model with their own body and, at best, reflect
commonalities and differences (Upmeier zu Belzen & Krüger, 2010).
To enable a pre-post comparison, students made another drawing at the end of
the second lesson. Students’ disgust at the subject was raised on the experiment logs
and statements made during the experiments as well as food diaries that were filled
out between the two lessons. Students’ comments were recorded on a cell phone
and a final written feedback was obtained.

2.2 Data analysis of the drawings
A quantifying rating system was formed by creating categories using qualitative
content analysis first (Mayring, 2015). The categories were: mouth, teeth, oesophagus, stomach, intestine, intestine subdivisions (= divided into small intestine, large
intestine), bladder, anus and additional organs. It considered which organs or
body parts students have drawn in the silhouette. The presence or absence of
the organ or a body part was rated (1 = present, 0 = missing), in addition, labelling the organs was also considered. The score achieved allowed a comparison of
the first and second drawings to determine whether learning progress has been
achieved. Depending on the score, the learning progress was rated with the verbal
categories “improved” (second drawing scores more points than first drawing),
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“unchanged” (same score) or “worsened” (second drawing scores fewer points
than first drawing).
Furthermore, it was analysed whether the drawn organs or body parts were
drawn as connected or isolated from each other. The categories were: “completely
connected”, “partially connected” and “not connected” and were awarded as following: 2 = completely connected, 1 = partially connected, 0 = not connected.
The order of the organs or body parts shown was analysed; the correct order
is: mouth, oesophagus, stomach, intestines, anus (= MoOeStInAn). On one hand,
this analysis of the order makes it possible to determine the frequencies of different
sequences and changes in the drawn sequences between the first and second drawings. On the other hand, a comparison between different grades could be made. For
detailed methods please consult Grossauer & Scheuch (2019).

3. Results
The data of 45 students were used for the evaluation. The four remaining students
were absent at one of the two teaching units and therefore were excluded from
analysis. The first students’ drawings showed that the intestine is the most frequently
drawn organ; this was represented by all students (45 students, 100 %). The oesopha
gus (43 students, 96 %), mouth (41 students, 91 %), anus (36 students, 80 %) and
stomach (38 students, 84 %) were also frequently drawn into the silhouette. The
teeth were rarely drawn (6 students, 13 %), which indicates that few students are
aware that the digestion already begins in the mouth. The bladder is also rarely
drawn (2 students, 4.5 %).

3.1 Digestive organs
Figure 2 illustrates a comparison of the digestive organs drawn by the students
before (grey) and after (black) inquiry learning. The most frequently drawn organ
is the intestine; this is represented by all students and the majority also labelled it.
It is remarkable, that several students represented the intestine as a spiral or a knot.
Some organs involved in digestion and excretion that were rarely drawn and/or
labelled were the teeth and the bladder (Figure 2).
A closer look shows that the stomach and anus tend to get more attention in the
second drawing as they were drawn by more students. The stomach and the anus
were particularly present in the gastrointestinal model, which was built by the students during inquiry learning.
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Figure 2: Drawn and labelled digestive organs of the first and second drawings (n = 45)

Figure 3: Example of a drawing with “additional digestive organs” (student 16, first drawing) (own photo)
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3.2 Order of the digestive organs
The order of the digestive organs compared between the 6th (n = 23) and 8th (n = 22)
grade before (first drawing) and after (second drawing) inquiry learning.

Mo = mouth, Oe = oesophagus, St = stomach, In = intestine, An = anus
Figure 4: Arrangement of the digestive organs compared between the 6th (n = 23) and 8th (n = 22) grade
before (first drawing) and after (second drawing) inquiry learning

The first drawings of the 6th grade show that over half of the students (57 %) represent the organs in the correct order (MoOeStInAn). Only two students (8 %) drew
the stomach and intestine in reverse order (MoInStAn), with one of the two (4 %)
drawing the intestine twice (MoOeInStInAn). The first drawings with the correct
order of the digestive organs of the 8th class, show that only 32 % of the students
have drawn the correct arrangement. The high number of students (27 %) who
mixed up the order of the stomach and the intestines is remarkable.
After the inquiry learning 17 (74 %) of the 23 students of the 6th grade, drew the
digestive organs in the correct order (MoOeStInAn). Two students (9 %) marked
the intestine twice, before and after the stomach (MoOeInStInAn). In the 8th grade,
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64% of the 22 students drew the organs in the correct order (MoOeStInAn); four
students (18 %) mixed up the order of the stomach and intestines (MoOeInStAn)
(Figure 5).

Figure 5: Example of a drawing in which the stomach and intestines were drawn in reverse order (student
19, first drawing) (own photo)

3.3 Connection between digestive organs
The drawings were analysed whether the students represent the digestive organs
drawn together in a complex system (completely connected), only partially or unrelated. It turns out that the majority of the students (78 %) know the connection of
the digestive system already before inquiry learning. After inquiry learning 87 %
of the students (n = 45) draw the digestive organs as a complex system. Only 11 %
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of the students had still a poor connection between the organs and 2 % had no
connection in the digestive system.
In students’ drawings with only a partial connection between the organs, the
connection to the mouth is often missing.

Figure 6: Example of a drawing where the connections are missing (left, student 21, first drawing) and
example of a drawing with complete connection of the digestive organs (right, student 21, second drawing) (own photos)

3.4 Learning progress and disgust
Observation and recordings of the modelling activity revealed that students
expressed enthusiasm and fun as well as disgust and alienation. When the stomach contents are pressed through the intestines, some expressed their disgust very
clearly: “Somebody has to touch it. I don’t touch it. Somebody has to do it!” In contrast,
others tried to reassure their group members: “That was nothing other than normal
food! There is nothing disgusting!“
In relating learning and disgust, a tendency could be found: without disgust
towards the topic of human digestion, a higher learning progress tended to be
achieved (Figure 8). Students, whose learning progress improved, did not show
any feeling of disgust but rather interest in the topic of human digestion: “The way
the food takes in the body was very interesting” (student 3) or “It was exciting to see
how it turned out in the end that the consistency depended on the liquid. And that
the ‚final product‘ looked very similar to the ‚real thing‘ [meaning faeces] apart from
the colour“ (student 19).
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Figure 7: Learning progress of the students (n = 45) who did not show any disgust during inquiry learning
(left) and those who expressed disgust (right).

In contrast, those students who expressed disgust for the topic showed less progress.
For example, two students noted as feedback on the gastrointestinal model: “The
mass felt very disgusting” (student 21) and “It was disgusting. Unfortunately, nothing
was interesting for me” (student 11) and their drawings worsened.
It is striking, however, that some students expressed disgust and interest in the
topic at the same time: “It was very disgusting to see the squeezed mass. But you could
imagine what it is like in the human body. That is why the experiment was good, because
I can now imagine it better” (student 29) or “It was very disgusting but also interesting
to see how this happens. The most exciting thing was the ‚result‘” (student 35).

Figure 8: Student 3 drawings before (left) and after (right) inquiry learning, whereby the student shows
positive learning progress. This student did not express disgust. (own photos)

96

3.5 New students’ concepts on saliva, the relationship between diet and excretion
and faeces
The dietary diary revealed different student’s concepts. The function of saliva is
described for either swallowing, digesting or chewing food. One student states the
function of saliva as a preparation of the mouth for food; others show an anthropocentric background of the saliva, such as: “so that one does not dry out and can eat at
all” (student 9). Another idea is the perception of taste through saliva: “because the
body smells something it likes and wants to perceive all tastes” (student 19).
Concerning the influence of one’s own diet on excretion, students could recognize a link between liquid intake and the consistency of their excretions. Others
recognized, that some foods are more difficult to digest and stated: “With maize
you can sometimes still see the whole pieces” (student 21) or “if you eat a lot of nutritious things (maize), [the excrement] becomes solid” (student 2). A lactose intolerant
student notes that when she eats foods that contain lactose, her excretions become
runny. Another student remarks generally “I believe that you can prove in the faeces
what you have eaten” (student 4).
The constituents of faeces are perceived as components of our food, as “crushed
food” (student 11), containing “things that have no nutrients for our body” (student 2) or “from the things that our body cannot use” (student 5). Another student
names faeces as follows: “... from what we ate; pee = what we drank” (student 3). The
consistency of faeces is explained by the composition of the ingested food, others
state fluid intake as an influencing factor and others explain the consistency with
how well people “tolerate” the food they eat.
The question how faeces gets its brown colour reveals different concepts. One
student describes “it gets its brown colour from the substance that is created when
bile is broken down in the intestine” (student 15). Others explain that by mixing the
basic colours the result is brown colour or because “everything rottens in the stomach
and intestines” (student 5).

4. Discussion
4.1 Digestive organs
The students in this study showed conceptions that have been found in previous
research. One of these aspects is the missing integration of the work of teeth and/or
the role of the bladder related to the digestive processes. This lack of connection is
also evident in illustrations of the digestive organs in textbooks, in which the bladder, the liver and the gall are infrequently shown. Mattos Feijó et al. (2020) extended
the used modelling activity with these organs contributing to the digestive process
(e. g. dish liquid as fat digestive substance from the liver); this is a good example for
further deepening the knowledge.
After dealing with inquiry learning, the organs or body parts as the stomach,
intestine and anus tended to receive more attention in the second drawing and were
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labelled by more students. These organs or body parts were particularly present in
the construction of the gastrointestinal model and therefore students learnt about
them and their function.

4.2 Order of the digestive organs
It turned out that more than half (57 %) of the students in the 6th grade represented
the organs in the correct order. In comparison, only 32 % of the students in the 8th
grade drew the correct arrangement of the digestive organs. A high degree of students of 8th grade mixed up the order of the stomach and intestines (27 %). This was
not the case in 6th grade, where only two students mixed up “stomach and intestine”.
This is the so-called “forgetting curve”, which describes the degree of forgetting
already known facts within a certain time (Ebbinghaus, 1885): the students in the
6th grade had gone through the topic of human digestion in the previous year (5th
grade); for the students of the 8th grade this topic was three years ago. This shows
the importance of considering students’ conceptions in all educational activities
because even after first instruction to the topic many alternative conceptions remain
or come back after some time.
In order to improve knowledge of the correct order of the organs involved in
digestion, the gastrointestinal model was chosen as an intervention for inquiry
learning. In this model, the sequence of the organs stomach and intestine is made
clear through the activities and so the students experience the functions likewise.
In 6th grade the correct order of organs improved by 17 % (from 57 % to 74 %)
whereas in 8th grade there was a 32 % improvement of the correct order (from
32 % to 64 %). Use of the modelling activity showed an impressive improvement,
especially for the 8th graders.

4.3 Connection between digestive organs
The connection between the organs was analysed to check whether the students
are aware of the relationships between different organs and organ systems or if they
exist in their imagination in isolation from one another (student concept of “floating
organs” according to Mjenr & Desco; 2002).
The results showed that the majority of the students (78 %) know the connection of the digestive system and draw the individual organs in connection with
each other already in their first drawings. In drawings that only have a connection
between the organs in sections, the connection to the mouth often is missing. A
comparison of the results from the first to the second drawing showed an improvement of 9 % (from 78 % to 87 %).
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4.4 Learning progress and disgust
Half of the students (51 %) expressed their disgust for the topic in writing on
the protocol of the experiments or in the course of the feedback. Compared to
the progress in learning, it can be seen that students who did not express disgust
tended to achieve better progress than students who expressed disgust once or
more often.
What does this mean for teaching – at least for some students – disgusting
topics? Should teachers avoid activities where they know that disgust might be
triggered? Emotions play an important role in learning; therefore, avoiding emotions is not the solution. Nonetheless, disgust can be an inhibitor for learning, first
hints for this were found in this study. To reduce disgust in the described activity the teacher could offer rubber gloves for those students who express disgust.
Moreover, disgust could be tackled directly therefore the involved emotions can be
addressed and reflected. This did not happen during this teaching sequence, as the
topic arose only in the analysis of all data sources and turned out to be important.
Therefore, more research of the role of disgust in the context of digestion should
be done.

4.5 Conclusion
Teachers should be aware about the students’ conceptions and design the school
lessons based on them. Thus, obstacles to learning should be recognized and seized
as learning opportunities (Kattmann, 2015), as was done in this study. Organs are
often discussed individually, but it is important to take into account that these individual organs are part of a complex system and can only work together (Özsevgeç,
2007), integrating the structures with their functions. At the beginning, the organ
system itself should be taught and only afterwards should the individual organs be
discussed in detail (Reiss & Tunnicliffe, 2001), as it was carried out via the modelling
activity in this study.
Learning and emotions are interdependent, as it can be seen in this work; emotions are a prerequisite for higher mental processes and must be taken into account
when planning and designing the framework conditions for teaching-learning situations (Huber, 2017). In order to achieve better learning success, it is necessary to
expand the teaching sequence to make other organs and connections more tangible
for students. For example, experiments on the bladder, kidneys, the gall or liver
should be carried out to bring more attention to these organs and to explain to
the students the important role and function of those organs (for an example see
Mattos Frejó et al., 2020). These organs should also be taken into account when
creating images of the digestive system for textbooks – this could possibly be a
reason why these organs were drawn only very rarely by the students; or should be
paid attention to which illustrations are used for the lessons so that those digestive
organs are also considered.
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